Introduction
Colorectal cancer (CRC) is the third leading cause of cancer mortality in the USA with an estimated 50,830 deaths in 2013 [1] . Compared with other racial/ethnic groups, African Americans have the highest rates of colorectal cancer incidence and mortality [2, 3] . Several factors are thought to contribute to CRC disparities including greater exposure to risk factors [4, 5] , lower rates of health insurance [6] , lower screening rates [7] , delayed follow-up after a screen-detected abnormality [8] , and higher stage and grade at diagnosis [9, 10] . The large and persistent CRC disparities among African American men and women highlight the need for evidence-based strategies and targeted interventions.
Patient navigation is one method shown to be effective in increasing screening adherence for colorectal and other cancers. Patient navigators, or health coordinators, are individuals who are trained to assist patients with navigating the health care system and ensure the removal of barriers encountered by patients while seeking screening, diagnosis, or treatment [11] . Studies examining the effects of patient navigation on adherence to CRC screening have observed an increase in screening rates among individuals receiving patient navigator services [12] [13] [14] [15] [16] . Much of the existing literature consists of pilot studies [13, 15] and/or participants recruited from a single hospital or community clinic [12, 14, 16] . Moreover, none of the reported studies examined moderators of the patient navigation intervention effectiveness. Analysis of potential moderators of the intervention's effectiveness is relevant in that it may aid in tailoring existing interventions to relevant populations and assist in identifying groups that require more intensive interventions.
Our current study examines the efficacy of a patient navigation intervention in increasing CRC screening, specifically among older African American adults in an urban setting. Further, in secondary analysis we examined the role of age, gender, and participant's level of health literacy as possible moderators of patient navigation's effectiveness.
Methods

Study setting, design, and participants
The data presented in this study were obtained from the Baltimore City, Maryland site of the CPTD Screening Trial, a 4-year, 6-site national demonstration project of patient navigation. Participants were recruited between April 2006 and June 2010 through population-based and convenience-based sampling from the Medicare enrollment database, as well as in clinical settings and communitybased venues (i.e., senior centers). Participants were deemed eligible for the study if they were a Baltimore City resident, aged 65 and older, and enrolled in Medicare Parts A and B. Exclusion criteria for the CPTD Screening Trial included individuals enrolled in Medicare Part C (managed care), residing in a chronic care facility or otherwise institutionalized, unable or unwilling to give informed consent. Also, individuals diagnosed with cancer within 5 years of enrollment or those having a cancer diagnosis more than 5 years ago but in remission for \5 years were excluded from the study. Eligible participants responded to interviewer-administered questionnaires at baseline, annually for up to 4 years, and at the conclusion of the trial. This analysis includes data from the baseline, annual follow-up, and exit in-person interviews. The maximum follow-up time from baseline to exit screening for the CPTD study participants aged 60-75 years was 46 months [mean (range), 17 months (2-46 months)]. The Institutional Review Board of the Johns Hopkins Bloomberg School of Public Health reviewed and approved this study.
Following the administration of the baseline questionnaire, participants were randomly allocated in a 1:1 assignment to either an education-only arm (control) versus a patient navigation arm using a health coordinator. Randomization was completed using a website designed and maintained by Thomson Reuters, a third party contractor for the Centers for Medicare and Medicaid Services (CMS), and was not based on any participant characteristic. In the printed educational materials (PEM) only arm (control group), participants received educational materials from CMS and the American Cancer Society containing general information about cancer and Medicare-covered services. In the patient navigation intervention arm, participants received PEM plus the addition of a patient navigator. The Johns Hopkins trained and certified patient navigator (health coordinator) offered to assist participants with identifying and overcoming barriers to cancer screening thereby facilitating adherence to care.
For this analysis, additional exclusion criteria were applied (outlined in Fig. 1 ). Our analysis focused on participants aged 65-75 years at baseline, given that the US Preventive Services Task Force recommends CRC screening until age 75 for average risk individuals [17] . We also excluded participants with a self-reported history of irritable bowel disease and those lost to follow-up. Participants who were lost to follow-up were more likely to be male, less educated, lower income, overweight, current smokers, and not screening compliant for CRC at baseline, compared with those who completed the exit interview; however, similar factors were associated with loss to follow-up in each study arm (Supplementary Table 1 ). The final study population consisted of 1,220 adults.
Study variables and outcome measures
Outcome measures
At the time of the exit interviews, individuals were considered up-to-date with CRC screening if they reported having either colonoscopy or sigmoidoscopy in the 10 years prior to the exit interview or an FOBT in the year prior to the exit screening interview. Survey questionnaires did not differentiate between colonoscopy and sigmoidoscopy but grouped the two screening modalities together when assessing adherence.
Study variables
Participant age, gender, race/ethnicity, income, and education were determined from the baseline survey. Self- rated health (health perception) was dichotomized as poor/ fair versus good/very good/excellent. The participant's comorbidities were assessed by tallying the number of selfreported medical conditions from the following list: hypertension, diabetes, chronic lung disease such as asthma, coronary heart disease or other heart problems, stroke, gastrointestinal problems, psychiatric disorders, arthritis, and memory-related disease. With participants averaging three comorbidities, this variable was dichotomized as \3 or C3. The Rapid Estimate of Adult Literacy in Medicine-Revised (REALM-R) screening instrument [18] was used to assess the study participants' risk of low health literacy skills. The resulting REALM-R score was examined as a dichotomous variable with participants receiving a score of six or less classified as having low health literacy and those receiving a score greater than six classified as having adequate health literacy. Family history of colon cancer was assessed by the question, ''Have your father, mother, sister, brother, son, or daughter ever been diagnosed with colon cancer or had polyps removed from colon?'' Possible responses were ''yes,'' ''no,'' and ''don't know.''
Statistical analyses
To examine the effect of the patient navigation intervention on CRC screening, we used weighted multivariable logistic regression models to compare study groups on the outcome measure after adjusting for potentially confounding variables. Weighted regression analyses using the inverse probability method helped account for differential loss to follow-up between the control and intervention groups [19] . The inclusion of confounding variables was determined by assessing the literature for predictors of CRC screening in addition to utilizing Pearson's v 2 and simple logistic regression to determine the crude effect of the variable on the outcome measure. Variables that were well documented in the literature (literacy [20] [21] [22] , comorbidities [23] [24] [25] , and gender [26, 27] ) and those with statistically significant or borderline significant bivariate or crude associations (age and health perception) were included in the final multivariate models. Self-reported CRC screening status at baseline was also included in all adjusted models. Overall rates of missingness, for the study variables included in the multivariable models, ranged from 0.10 to 15.6 %. To account for missing values, the nearest neighbor hotdeck method was used to impute responses for covariates [28] .
Research suggests that communication may vary by age [29] , gender [30, 31] , and literacy skills [32] . Since interaction with the patient navigator involved various levels of communication, we hypothesized that age, gender, and health literacy at baseline may act as moderators of the patient navigation intervention. Analysis of moderation effects was performed by including a two-way interaction term (i.e., intervention group by age). Model comparison with and without the interaction term was assessed using the likelihood ratio test (LRT) statistic to determine the significance of the interaction term in the model. All analyses were performed using Stata version 11.2 [33] . Table 1 outlines the baseline characteristics of the study participants in the intervention and control groups. We did not observe any significant differences between the two groups when examining multiple demographic characteristics. At enrollment, 81 % of participants reported being up-to-date with CRC screening. Among those, 21 % had an FOBT within the previous year and 78 % had a colonoscopy or sigmoidoscopy within 10 years of randomization.
Results
Baseline characteristics
Primary outcome
At the exit interview, a greater proportion of participants receiving the patient navigation intervention reported being screened for CRC cancer compared with the control group receiving only PEM (94 vs. 91 %; p = 0.04). Among participants who were not up-to-date at baseline, 72.5 % in the intervention group reported being up-to-date at the exit interview, compared with 58.6 % in the control arm (p = 0.008). Table 2 shows the adjusted association between the intervention and being up-to-date with CRC screening at the exit interview. Patient navigation remained significantly associated with screening (OR 1.56, 95 % CI 1.08-2.25), after adjusting for age, gender, health perception, number of comorbidities, and level of health literacy. When stratifying by screening modality, we observed that the intervention was significantly associated with being screened by colonoscopy/sigmoidoscopy and not FOBT. Also, compared with younger participants (65-69 years), individuals aged 70-74 years were less likely to report being screened by colonoscopy/sigmoidoscopy [(OR 0.68, 95 % CI 0.47-0.98); Table 2 ]. Assessment of the intervention effectiveness at the first annual follow-up survey demonstrated that the patient navigation intervention was also associated with being screened by colonoscopy/sigmoidoscopy in the 12 months prior to the survey [(OR 1.47, 95 % CI 1.17-1.84); Supplementary Table 2] .
Moderation effects
We next examined potential moderators of the patient navigation intervention, including baseline age, gender, and health literacy level, to determine whether there were sub-groups within our population in which the intervention would be most effective. Significant interaction effects were found between age (p = 0.03) and health literacy (p = 0.04) and the intervention, but not gender (p = 0.61). The intervention was significantly associated with screening status for younger participants aged 65-69 years (OR 2.27, 95 % CI 1.08-4.76) but not for older adults (aged C70 years). Patient navigation was also effective among those with adequate health literacy (OR 2.17, 95 % CI 1.03-4.56), but not among participants with low health literacy. 
Discussion
Among urban African American Medicare beneficiaries, the use of a patient navigator significantly increased the likelihood of reporting being screened for colorectal cancer. We were also able to determine that baseline age and health literacy were moderators of the intervention effect with stronger effects in younger participants (aged 65-69 years) and those with an adequate health literacy level. The significance of these results are twofold: They demonstrate the potential benefits of patient navigation in increasing CRC screening and identify subgroups within the population for whom additional interventions may be necessary to improve screening compliance. Although the patient navigation intervention was shown to be effective for increasing CRC screening by any method, analyses of the screening modalities separately revealed a significant impact only for screening by colonoscopy/sigmoidoscopy. Our findings are similar to what was reported by Jandorf and colleagues [14] who observed a significant increase in the incidence of endoscopic examination with the use of a patient navigator, but not in FOBT. The lack of effect on screening by FOBT observed in our study may represent the relatively low rate of provider utilization of this screening modality in the target population. Behavioral Risk Factor Surveillance System data from 2010 showed that 60.3 % of respondents reported colonoscopy as their most recent CRC screening test, while only 11.7 % had FOBT and 1.3 % had sigmoidoscopy in combination with FOBT [34] . Further, a study examining primary care physician (PCP) patterns for CRC screening recommendations using a nationally representative sample of PCPs revealed that 43.3 % recommend colonoscopy over other tests when discussing multiple options [35] . These data highlight the importance of the PCP in facilitating screening adherence and their role in patient decision-making.
We observed that the patient navigation intervention was most effective among participants with adequate levels of health literacy. The lack of effect among participants with low health literacy suggests that low literacy levels may have hindered the participants from absorbing and/or translating the navigator's suggestions into actionable items. Based on these results, it is conceivable that patient navigators may need to employ a more intensive strategy for those who are less familiar with the health system. A recent systematic review examining CRC screening interventions among racial and ethnic minorities concluded that in addition to patient navigation services, physician training in communicating with patients of low health literacy modestly improved CRC screening adherence [36] . As such, patient navigation services paired with physicians who are trained to assist patients with low health literacy may provide a more significant impact than either intervention alone. We similarly found that the navigation intervention had stronger effects among younger adults (aged 60-69 years). This result could possibly be due to literacy differences within the age groups, or perhaps point to a stronger intrinsic motivation for screening among the younger participants. Similar to those with low heath literacy, more intensive interventions may be required for adults in the oldest age groups. This study has several limitations. First, though we attempted to account for loss to follow-up using weighted logistic regression models, loss to follow-up may have biased our results. Second, the statistical power of our study was limited by the high percentage of participants reporting being screened at baseline. The disparity in CRC screening seen in older African Americans may have been attenuated in our study population due to uniform Medicare coverage among our participants, resulting in higher screening rates. Similarly, Burgess and colleagues found that CRC screening disparities between African Americans and whites were attenuated in the Veterans Affairs (VA) system [7] . Third, given that screening was assessed by self-report, it is possible that our results are prone to reporting bias. Fourth, the CPTD did not collect information on whether participants had a primary care physician (PCP) at baseline or on subsequent health care utilization. Given appropriate randomization across a range of covariates, we would not expect participants in the intervention and control arms to have different rates of PCP utilization at baseline. Patient navigation is designed to help overcome barriers to seeking and obtaining health care. Future research should assess whether patients who receive patient navigation have a higher number of health care visits at follow-up and whether this is a mechanism of increased screening. Finally, though the CPTD collected data on comorbidities and adjusted for these measures using disease counts, we did not have sufficient information to construct many commonly used comorbidity indices for use in subsequent analyses [37, 38] .
The strengths of the study include the randomized controlled design, collection of multiple sociodemographic characteristics allowing for adjusted models, and assessment of moderators of the interventions effectiveness on CRC screening. Importantly, we conducted our study in a minority population that has been shown to face a greater number of barriers to cancer care compared with nonminority patients [25] , and is at increased risk of developing and subsequently dying from colorectal cancer.
Screening for colorectal cancer is a proven and effective strategy for reducing incidence of, and mortality from the disease. The Centers for Disease Control and Prevention (CDC) estimates that if everyone 50 years and older followed the recommended CRC screening guidelines, at least 60 % of deaths from this cancer could be avoided. Consequently, methods for increasing CRC screening will have a substantial public health impact. The results presented here support the use of a patient navigation intervention to increase colorectal cancer screening among older African American adults in an urban setting, while recognizing that more intensive interventions and/or modifications of patient navigation may be necessary for adults over 70 and those with low levels of health literacy.
